The aerobic composting process provides a nutrient-rich habitat with quickly changing temperatures and is characterized by successions of mesophilic and thermophilic bacterial populations. Using cultivation-based techniques, 151 different bacterial species were identified in mesophilic and thermophilic compost by Ryckeboer et al. (2003) , and among these were 42 species of the phylum Firmicutes, including 14 species of the genus Bacillus. This suggests that these bacteria are well adapted to this biomassconverting process and can be isolated easily on complex organic media. For instance, strains of Bacillus cereus, B. coagulans, B. licheniformis, B. megaterium, B. pumilus, B. smithii and B. subtilis were found repeatedly in composting processes (Ryckeboer et al., 2003) . More recently, Bacillus niabensis was isolated from composting of cotton waste (Kwon et al., 2007) and the alkaliphilic Bacillus marmarensis from mushroom compost (Denizci et al., 2010) . However, phylogenetic analyses of 16S rRNA gene sequences obtained from total DNA extracts of compost material suggested the presence of many as-yet undescribed Bacillus species based on less than 97 % similarity with 16S rRNA gene sequences of reported Bacillus species (Cho et al., 2008; Dees & Ghiorse, 2001 ).
The genus Bacillus was first described by Cohn (1872) . Most species represent Gram-staining-positive, aerobic or facultatively anaerobic bacteria. Due to their capacity to form endospores, they can survive long periods of high temperature. The majority of established species are mesophiles with growth optima between 25 and 40 u C, minima in the range 5-20 u C and maxima of 35-55 u C. Some species have higher growth temperature optima (40-55 uC) and maxima of 55-65 uC and are regarded as moderate thermophiles, and further species are even true thermophiles . Whereas most species of the genus Bacillus prefer neutral pH and low salt concentrations, some can also grow in environments with high alkalinity (Denizci et al., 2010) , low pH (Albert et al., 2005) or high salinity (Pappa et al., 2010 ).
An aerated, continuously mixing 1 m 3 reactor was used for composting of kitchen waste adjusted to a water content of 40-46 % by the addition of cardboard and sawdust. The temperature increased within 18 days to 56 u C. To reduce the number of pathogenic bacteria, the temperature was increased further by an integrated heating device and held at 65-70 uC for several hours. Within a week, the temperature dropped to ambient temperature (12 u C), and a sample was taken and stored at 220 u C.
Microbial cells were extracted from 10 g compost material using 0.1 % (w/v) tetrasodium pyrophosphate as described by Dees & Ghiorse (2001) . Serially diluted extract was plated on compost extract medium. The compost extract was prepared from 10 g compost material suspended in 100 ml distilled water, kept under occasional mixing at room temperature for 20 h. Large particles were removed by centrifugation at 7800 g and room temperature for 15 min. The resulting extract was autoclaved three times with intermittent incubation for 1 day at 30 u C. The medium was adjusted to pH 7.2 after the first round of autoclaving and the extract was finally solidified by adding 2 % (w/v) agar-agar. The inoculated plates were incubated at 30 u C for several days until small colonies appeared. From the highest dilution, single colonies were picked and repeatedly streaked on nutrient agar I (VWR). Two strains, designated 8-4-E12
T and 8-4-E13 T , were isolated and routinely cultured on nutrient agar I consisting of (g l 21 ) peptone from casein (15), yeast extract (3), NaCl (6), glucose (1) and agar-agar (12) or in the corresponding nutrient broth (without agar) at 30-37 u C. Omission of glucose did not reduce growth of the strains. Bacillus shackletonii DSM 18868 T (Logan et al., 2004) , B. oleronius DSM 9356
T (Kuhnigk et al., 1995) , B. sporothermodurans DSM 10599
T (Heyndrickx et al., 2012; Pettersson et al., 1996) , B. acidicola DSM 14745
T (Albert et al., 2005) and B. humi DSM 16381
T (Heyrman et al., 2005) were used for comparison and were routinely grown on nutrient agar I except B. sporothermodurans DSM 10599 T , which was grown on brain heart infusion (BHI) agar (Becton Dickinson).
The minimal standards provided by were considered for the description of the strains. Gramstaining was performed according to standard procedures (Gerhardt et al., 1994) . The morphology of cells, the formation of endospores and motility were observed by phase-contrast microscopy using 61000 magnification. Cells had been grown overnight at 37 u C on nutrient agar I. To induce endospore formation in strain 8-4-E13 T , nutrient agar I was supplemented with 5 mg MnSO 4 l 21 . Negative staining of cells and transmission electron microscopy were performed as reported previously (Lechner et al., 2007) using cells grown in nutrient broth at 37 u C to the late exponential phase. The ability of the strains to grow at 16, 20, 30, 37, 40, 45, 50 and 55 u C and anaerobic growth at 37 u C were investigated using nutrient agar I with incubation periods of 1-3 days. Anaerobic growth was tested in an anaerobic chamber with an atmosphere of 95 % (v/v) nitrogen and 5 % (v/v) hydrogen. Growth at different initial pH was tested in nutrient broth (without glucose) adjusted to pH 4.9-9.6 at intervals of 0.5 pH units using HCl or KOH. Growth with different NaCl concentrations was tested by preparing nutrient broth from the above-mentioned components (except NaCl and glucose) and by supplementing with final NaCl concentrations in the range 0-15 % at intervals of 2-5 % (w/v). Catalase and oxidase activities were analysed according to standard procedures (Gerhardt et al., 1994) . Biochemical characteristics were determined at 37 u C using the API 20 NE kit according to the manufacturer's instructions (bioMérieux) and the physiological tests described previously (Kämpfer et al., 1991) .
The almost-complete 16S rRNA genes of strains 8-4-E12 T and 8-4-E13 T were amplified from total DNA as described previously (Lechner et al., 2007) . The amplicon from strain 8-4-E13
T was sequenced directly. For strain 8-4-E12 T , the PCR product was first subjected to amplified rRNA gene restriction analysis according to Breitenstein et al. (2001) . Seven different restriction patterns were observed within 16 studied clones. A representative of the most frequent restriction pattern (seven clones) was selected for sequencing. Multiple alignment and sequence analysis were performed using MEGA version 5 (Tamura et al., 2011) . The phylogeny was reconstructed using the maximumlikelihood, neighbour-joining and maximum-parsimony algorithms included in the package. The 16S rRNA gene sequences were continuous stretches of 1463 and 1433 bp for strains 8-4-E12
T and 8-4-E13 T , respectively. The two sequences were only 94 % identical. The G+C content of DNA was determined by HPLC after digestion to the nucleoside level as described previously (Breitenstein et al., 2002) . The DNA G+C contents of strains 8-4-E12
T and 8-4-E13 T were 36.1 and 39 mol%, respectively, and were in the same range as related Bacillus species (Table 1 ) and slightly lower than the DNA G+C content of the type species, B. subtilis ).
The diamino acid content of the cell-wall peptidoglycan was determined using the method described by Schleifer (1985 T and 8-4-E13 T were analysed using the methods described by Minnikin et al. (1984) and Tindall (1990) . The predominant menaquinone was MK-7, but minor amounts of MK-8 (0.7 and 0.25 %, respectively) were also present in strains 8-4-E12
T and 8-4-E13
T . The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine in both strains, T contained an unknown lipid and strain 8-4-E13
T an unknown phospholipid and an unknown aminophospholipid (see Fig. S1 , available in IJSEM Online).
The cellular fatty acid composition was analysed for strains 8-4-E12
T and 8-4-E13 T and for B. sporothermodurans DSM 10599 T as described previously (Kämpfer & Kroppenstedt, 1996) . The latter strain was grown on BHI agar (Becton Dickinson). The predominant fatty acids of strain 8-4-E12 T were saturated iso-and anteiso-branched fatty acids (iso-C 15 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 ), similar to the fatty acid composition of the type strains of related species of the genus Bacillus (Table 2 ) and also typical for other genera related to Bacillus ). However, strain 8-4-E12
T also contained considerable amounts of iso-C 16 : 0 and the straight-chain fatty acid C 16 : 0 , which differentiates it from the other type strains that were compared (Table 2) . Strain 8-4-E13
T contained humi LMG 22167 T (Heyrman et al., 2005) . Data for the reference strains are from the cited literature with the exception of the results of hydrolysis and carbon source assimilation tests in columns 3, 5, 6 and 7, which were determined in this study using the previously described method (Kämpfer et al., 1991) . +, Positive; 2, negative; V, variable; W, weak reaction; NR, not reported. 4.5-9 3.5-7 5.2-9.3 5-9 7-9 Growth in the presence of: 7 % (w/v) NaCl high concentrations of saturated iso-branched fatty acids, with iso-C 15 : 0 as the main component (65 %), and only minor amounts of anteiso-branched fatty acids were detected. It also contained an unsaturated alcohol (C 16 : 1 v7c alcohol; 5 %) besides minor amounts of unsaturated fatty acids. Thus, it differed clearly in its fatty acid composition from strain 8-4-E12 T and the type strains of the other species analysed ( Table 2 ). The determined fatty acid composition of B. sporothermodurans DSM 10599
T was in accordance with that described recently for 24 strains of B. sporothermodurans (Heyndrickx et al., 2012) , whereas some deviations in the proportions of branched fatty acids could be found for strains of B. oleronius observed by Kuhnigk et al. (1995) (Table 2) and Heyndrickx et al. (2012) , probably because of the use of different cultivation media.
Results of phenotypic analyses of strains 8-4-E12
T are given in Table 1 and the species descriptions. The properties of the two strains were compared with those of the type strains of related species (Table 1) . Transmission electron and phase-contrast photomicrographs of cells of the two strains are provided in Fig. S2 . Ellipsoidal endospores are produced by both strains. In strain 8-4-E12 T , they are formed in unswollen sporangia similar to the type species, B. subtilis, whereas in strain 8-4-E13 T , as well as in most of the closely related species of the genus Bacillus (Table 1) , endospore formation swelled the mother cells.
In conclusion, based on their phylogenetic position as well as on morphological, phenotypic and chemotaxonomic properties, strains 8-4-E12
T and 8-4-E13 T can be distinguished clearly from each other and also from the type strains of other species of the genus Bacillus. They represent two novel species of the genus Bacillus, for which the names Bacillus pervagus sp. nov. and Bacillus andreesenii sp. nov. are proposed.
Description of Bacillus pervagus sp. nov.
Bacillus pervagus (per.va9gus. L. masc. adj. pervagus wandering, referring to the swarming behaviour of cells on the surface of nutrient agar plates).
Cells stain Gram-positive, 2.0-3.4 mm long and 0.8-1.3 mm wide. They are motile by peritrichous flagella. Cells occur singly or in pairs and form chains in the late exponential phase. Ellipsoidal endospores are formed in a central or subterminal position and do not swell the sporangia. Cells show a strong swarming behaviour on nutrient agar at temperatures between 30 and 45 uC, forming an opaque, cream-coloured layer on the agar surface. Optimum temperature for growth is 45 u C. Growth occurs at 20-50 u C, not at 16 or 55 u C. Optimal growth at pH 8, with growth occurring at pH 5-9. Grows in the presence of 2-7 % NaCl (but not at 10 % and above), with optimal growth at 2 % NaCl when tested in nutrient medium. No growth occurs under anaerobic conditions. Tests for oxidase activity and nitrate reduction are positive. Test for catalase activity is weakly positive. Formation of acetoin and indole and hydrolysis of starch, casein and gelatin are negative. Aesculin and p-nitrophenyl
L-proline p-NA and L-glutamate 3-carboxy-p-NA are not hydrolysed. Acid is not produced from any sugar or sugarrelated compound tested, according to the assay of Kämpfer et al. (1991) . Glycerol, L-malate, pyruvate or a mixture of 20 amino acids (4 mg each l
21
) are utilized as sole carbon sources. Acetate, DL-3-hydroxybutyrate, gluconate, L-alanine and L-aspartate are utilized weakly as sole carbon and energy sources for growth, whereas the following compounds are not: (Heyrman et al., 2005) .
Values are percentages of total fatty acids. 2, Not detected or not reported. Strains 1, 2 and 6 were grown on tryptic soy agar or BHI agar, as detailed in the text. The other compared strains were also reported to be grown on tryptic soy agar (B. acidicola 105-2 T at pH 6.2) for fatty acid methyl ester analysis (see the corresponding references). 0.3 1.2 1.6 0.7 2 2 1.8 C 16 : 1 v7c alcohol 0.3 4.8 2 2 2 2 4.1 iso-C 17 : 1 v10c 2 2.4 1.5 1.7 2 2 ,1.0 iso-C 17 : 1 I/anteiso-C 17 : 1 B 2 0.6 2.7 2.0 2 2 Bacillus andreesenii (an.dree.se9ni.i. N.L. gen. masc. n. andreesenii of Andreesen, in honour of Professor Jan Remmer Andreesen, for his contribution to the physiology and biochemistry of the Firmicutes, including species of Bacillus, and his inspiring and wide-ranging influence on the community of German microbiologists over many years).
Cells stain Gram-positive, 1.5-3.6 mm long and 0.5-0.9 mm wide. They are motile by peritrichous flagella. Cells usually occur singly or in pairs. Ellipsoidal endospores are formed in a terminal position and swell the sporangia. Overnight incubation on nutrient agar at 45 u C leads to slightly convex, cream-coloured colonies that have a diameter of 1 mm and exhibit entire margins and a glossy surface. Optimum temperature for growth is 45 u C. Growth occurs at 20-50 u C, not at 16 or 55 u C. Optimal growth at pH 7.5, with growth occurring at pH 5.5-8.5. Requires 2 % (w/v) NaCl for optimal growth and grows in the presence of 5-10 % (w/v) NaCl, but not at 15 % and above, when tested in nutrient medium. No growth occurs under anaerobic conditions. Tests for catalase activity and nitrate reduction are positive. Tests for oxidase activity, formation of acetoine and indole and hydrolysis of starch, casein and gelatin are negative. Aesculin is hydrolysed weakly. ). The following carbon sources are not assimilated: N-acetyl-D-galactosamine, L-arabinose, p-arbutin, gluconate, D-mannose, melibiose, L-rhamnose, sucrose, D-xylose, adonitol, myoinositol, maltitol, D-mannitol, D-sorbitol, putrescine, acetate, propionate, cis-and trans-aconitate, adipate, 4-aminobutyrate, azelate, citrate, fumarate, glutarate, itaconate, L-malate, mesaconate, oxoglutarate, suberate, balanine, L-histidine, L-leucine, L-ornithine, L-phenylalanine, L-proline, L-serine, L-tryptophan, 3-and 4-hydroxybenzoate and phenylacetate. The cell-wall peptidoglycan contains meso-diaminopimelic acid. The predominant menaquinone is MK-7, but minor amounts of MK-8 are also present. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unknown phopholipid. An unknown aminophospholipid is also present. Major fatty acids are iso-C 15 : 0 , iso-C 16 : 0 and iso-C 14 : 0 , and C 16 : 1 v7c alcohol is also present.
The type strain, 8-4-E13
T (5DSM 23948 T 5LMG 27602 T ), was isolated from a biowaste composting reactor in Germany. The genomic DNA G+C content of the type strain is 39 mol%.
